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• Human activities are estimated to have 

caused ~1.0 °C of global warming.

• Global warming is likely to reach 1.5°C 

(a critical threshold) between 2030 and 

2050.

• We need to tackle climate change 

within the next 10 years or face major 

consequences by 2040. 

HOW WE SEE THE PROBLEM
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IPCC Global Temperature Projection Scenarios
Source: IPCC 2013, Representative Concentration Pathways (RCP); Stockholm Environment Institute (SEI), 2013; Climate 

Analytics and ECOFYS, 2014. 

Note: Emissions peaks are for fossil fuel CO2–only emissions.

Business-As-Usual

Emissions Peak 2080

Emissions Peak 2040-2050



• Global CO2 Emissions by Sector

HOW WE SEE THE PROBLEM
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Structural Columns: 3-8%

WHERE IS THE CARBON?

7

OTHER

6%

INDUSTRY  

20.3%

(incl. building

finishes, glass,

equipment, and 

plastics, rubber, 
paper, other)

TRANSPORTATION

23%

CONCRETE, STEEL  

& ALUMINUM  

22.7%
(incl. buildings & 
infrastructure)

BUILDING  

OPERATIONS  

28%

17%

7%

16%

47%

13%

23%

3%

23%

40%

11%

19%

8%

25%

42%

6%

Structural
Foundations

Structural
Columns

Walls Floors Structural
Framing

Commercial Education Residential

Foundations: 17-23%

Framing: 6-13%

Walls: 16-25%

Floors: 40-47%



• Safety and Comfort – strength and stiffness requirements

• High load capacity-to-volume ratio

• Ability to create fire separation between occupied areas

• Relatively low installed cost by volume

• Relatively quick and reliable fabrication process with 

consistency across markets

• Relatively quick installation and skill required for erection can 

be taught relatively easily 

• Speed and reliability on concrete strength gain (form 

stripping, post-tension stressing)

How We Make Decisions

WHAT CAN STRUCTURAL ENGINEERS DO?
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Measure Twice …

WHAT CAN STRUCTURAL ENGINEERS DO?
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Structural Framing Tradeoffs

CURRENT STRATEGIES
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Cement Replacement

MATERIALS AND SUPPLIER
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FLY ASH / METAKAOLIN / SILICA FUME / FLY ASH / SLAG / CALCINE SHALE

UNITS IN kgCO2E / CY

Supplier knowledge of mix performance is 

imperative to assignment of cement replacement:

• Strength Gain

• Workability

• Admixtures



WHAT’S NEXT?



CARBON NEGATIVE MATERIALS
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Heidelberg Cement Plant with CCS – Brevik, Norway

• ~3.3 GJ / ton of clinker (~35% production cost)

• Coal predominant fuel: ~120kg coal / ton of cement 

• Circular economy: CCS  Carbon Cure tech



RE-CAPTURING CARBON
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• RMIT: A catalytic liquid metal alloy and CO2, electrically 

charged  solid carbon at room temperature! 

D. Esrafilzadeh et al. Nature; DOI: 10.1038/s41467-019-08824-8

Tata Steel plant with CCS - Ijmuiden, 

Netherlands; eurometal.net



CARBON ‘HEAVY’ STEEL
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PEARLITIC STEEL
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• LRFD principles could be applied –

structural applications

• Challenges: manufacturing, joining, 

cutting, fabrication  cost increase

Woelke et al. 2018

Railroadforums.com



IS IT WORTH IT? 
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Source: International Energy Agency / The Economist

Global energy-related CO2 emissions, tons bn, 

• Iron & steel industry global annual 

CO2 emissions: 

~2.3 bln tons 

• Global annual steel production: 

~160 mln tons 

• Total annual CO2 captured in 

steel: 

~5 mln tons (0.2%)

(assuming all C comes from CO2)



IS IT WORTH IT? 
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15kg of CO2 / m3
240kg of CO2 / m3 

Increase only: (0.25%  0.83%): 167kg of CO2 / m3

0.83% x 7850kg = 65kg of C; 65x3.67 = 240kg 

Cubic meter of steel
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